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1. INTRODUCT ION 
A series of surveys of the fish resources of the waters around Sri Lanka with 
the fishery research vessel "Dr. Fridtjof Nansen" forms part of the programme 
for development cooperation between the governments of Norway and Sri Lanka. 
The first survey (Referred to as Survey I in the present report) was carried 
out in August - September 1978. The report on Survey I (Referred to as 
Report I in the present report) was issued in March 1979 (Sætersdal and de 
Bruin 1979). 
In order to supplement the findings of Survey I and to study the resources in 
another season, a second survey was conducted during a two-months period in 
April - June 1979. The following scientific personnel participated in the 
cruise : 
Institute of Marine Research 
Bergen 
J. Blindheim 
S.   ratt ås 
H. Gi11 
H. Kismul 
H. Pettersen 
Fisheries Research Station 
Colombo 
G.H.P. de Bruin 
P.G. Pereira 
A. Ratnasekera 
J.R. Samarasinghe 
From the Institute of Marine Research Mr. G. Sætersdal participated from 3 to 
13 June and Mr. G. Vestnes participated up to 1 May. From the Fisheries 
Research Station, Colombo, some further personnel also participated for 
shorter periods. 
The above staff took part in the observational work and carried out analysis 
and processing of observations and data as far as it could be done onbord. 
Further evaluations and preparation of the present report has been done at 
the Institute of Marine Research, Bergen. The figures are drawn by Mr. 
H. Kismul. 
2. WORK SYSTEMS AND EQUIPMENT 
2.1 Work systems 
Survey methods and observational procedures were the same as during Survey I. 
Fig.  1. Cruise t r acks  and s t a t i o n s  worked i n  the  period 23  Apri l  - 
31 May. 
The fish resources were observed acoustically and exploratory fishing was 
done for biological sampling and identification of acoustic recordings. 
Environmental factors were observed on hydrographic stations. As regards the 
scientific routines followed, reference is made to Report I which describes 
the scientific work systems in more detail. 
The R/V "Dr. Fridtjof Nansen" worked in Sri Lankan waters from 23 April to 19 
April 1979. During the period from 23 April until the end of May the shelf 
area was surveyed from the Gulf of Mannar, around the south coast to the 
Pedro Bank. Cruise tracks and stations from this survey are shown in Fig. 1. 
The remaining time was utilized for more detailed work on the Pedro Bank, in 
the Hambantota area and on the shelf north of Colombo. Cruise tracks and 
stations from this part of the cruise are shown in Fig..2. 
During the cruise exploratory fishing took place on a total of 147 fishing 
stations. The number of stations operated with the different types of gear 
used were: Bottom trawl 94, pelagic trawl 13, bottom long line 31, gi11 nets 
4, hand line/squid jig 4 and dredge 1. 
Environmental observations were taken on 49 hydrographic stations. 
2.2 Fishing gear 
The trawl gear used was the same as during Survey I. The bottom trawl was a 
96 foot head line shrimp trawl type which is adapted also to demersal fish 
trawling. The!foot rope was equipped with 0.5 m rubber bobbins. The design of 
the net of this trawl is given in Appendix I. 
The 1600 mesh pelagic trawl had dimensions of 16 x 16 fathoms around the 
trawl mouth. When fishing it was always equipped with a net sonde and the 
vertical opening was normally observed to be about 17 m. It was operated with 
120 m bridles. 
The bottom long lines used had the following specifications: Line: monofila- 
ment no. 120, snood: monofilament no. 80, hooks no. 8 with long leg. 200 
hooks were used on the majority of the long line fishing stations. 
Fig. 2. Cruise tracks and stations worked in the period 1 - 19 June. 
2.3 Oceanographic instruments 
Nansen bottles were used for the oceanographic work. Temperature, salinity 
and dissolved oxygen were observed at standard depths to maximum 500 m. The i 
depth and structure of the transition layer (thermocline) was also observed 
with a bathy thermograph. The salinity samples were analsyed onboard with an 
inductive salinometer. Dissolved oxygen was determined by the Winkler method. 
Acoustic instruments 
The vessel was equipped with two echo sounders, one operating at 38 kHz and 
one at 120 kHz. Two analog echo integrators were connected to the 38 kHz echo 
sounder which was the main to01 for the acoustical survey work. Performance 
data and settings of the acoustic instruments are given in Appendix 11. 
Echo integrator values were recorded for each nautical mile sailed and aver- 
ages over 5 nautical miles were worked out and logged. The echo integrator 
readings (unit: mm/nautical mile) are relative measures proportional to fish 
density. This means that one unit of 1 mm/nautical mile represents a certain 
number of individual fish per square nautical mile of the species recorded. A 
conversion factor or density coefficient is needed for conversion from the 
relative echo integrator values to absolute fish biomass. Since the perform- 
ance of the echo sounder was modified under a receht refit of the vessel, a 
new density coefficient had to be established. The deduction of this co- 
efficeint is given in Appendix 11. 
3. BOTTOM CONDITIONS 
As during Survey I the echo recordings from course tracs within the shelf 
area were analysed with respect to the character of the bottom. The classi- 
fication used was the same as during Survey I: (i) Even flat bottom, (ii) 
uneven bottom, (iii) very rough bottom, (iv) steep slope. The observations of 
the bottom conditions were combined with the findings from Survey I and are 
shown in Fig. 3. 
Even though the survey grids from the two cruises in combination cover the 
shelf rather densely, Fig. 3 is still imperfect with regard to details. 
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Fig. 3. Observations of the character of the bottom on the continental shelf 
With exception of a few l imi ted  a reas  an extremely s t eep  slope is  a charac- 
t e r i s t i c  f ea tu re  along the  e n t i r e  s t r e t c h  of the  shel f  edge. Predominance of 
rough and uneven bottom on the  ou te r  shel f  i s  a l s o  a r a t h e r  general  f ea tu re .  
I n  t h e  Gulf of Mannar most of the  inner  p a r t  of the  she l f  a rea  i s  too  shallow 
t o  allow navigat ion with t h e  "Dr. F r i d t j o f  Nansen". A g r e a t  p a r t  of  the  she l f  
a rea  surveyed has, however, bottom smooth enough f o r  t rawling.  Also much of 
the  narrow shel f  between Puttalam and Negombo has f a i r l y  even bottom. 
On t h e  south-west coas t  between Negombo and Galle ,  t h e  r e l a t i v e l y  wide she l f  
i s  charac ter ized  by rough and uneven bottom. Only i n  inshore waters f a i r l y  
f l a t  a reas  occur, bu t  t h e r e  t h e  bottom i s  i n  many cases too  s o f t  f o r  t rawl-  
ing. Most of the  demersal f i s h  resources were d i s t r i b u t e d  on the  ou te r  she l f  
where areas  with bottom s u i t a b l e  f o r  t rawl ing a r e  q u i t e  l imi ted .  Unfavourable 
bottom condit ions formed dec i s ive  r e s t r i c t i o n s  f o r  t h e  success of t rawl ing 
experiments on the  south-west coas t .  
Also on the  Hambantota Banks the  ou te r  she l f  i s  rough and o f f e r s  very l imited 
a reas  f o r  t rawling.  Rela t ive ly  wide a reas  with f a i r l y  smooth bottom a r e  here 
found on mid-shelf, notably o f f  Hambantota. 
On t h e  e a s t  coas t  south of Trincomalee f a i r l y  extended a reas  with r a t h e r  even 
bottom a r e  found from t h e  mid-shelf p a r t  towards the  shore. Between Trincomalee 
o 
and Sangama Kanda P t  (7  N )  t he re  a r e ,  however, sponges and c o r a l s  i n  some 
areas  with f l a t  bottom. 
The shel f  nor th  of Trincomalee and the  Pedro Bank genera l ly  has the  smoothest 
bottom within t h e  survey area .  Bottom condit ions a r e  here more o r  l e s s  s u i t -  
able  f o r  t rawling over r a t h e r  extended areas .  Some a reas  of s o f t  mud where 
the  trawl w i l l  g e t  s tuck occur i n  c e r t a i n  shallow p a r t s .  The demersal f i s h  
resources were d i s t r i b u t e d  on the  inner  she l f  sometimes i n  areas  with even 
f l a t  bottom. 
4.  HYDROGRAPHY 
The hydrographic programme was genera l ly  t h e  same a s  during Survey I. Nine 
hydrographic sec t ions  were worked across  the  shel f  a s  shown i n  Fig. 1. In  
addi t ion  4 s t a t i o n s  were taken on the  Pedro Bank f o r  observation of the  depth 
of t h e  oxycline (Fig. 2 ) .  
4.1 Water masses 
Fig. 4 shows the T - S characteristics of the sections on the west coast. The 
o temperature in the surface layer ranged between about 27.0 and 30.5 C, de- 
creasing from north to south. The associated salinities ranged generally 
o between 34.1 and 34.6 /oo. The relatively low salinities are in this season 
due to Bay of Bengal water (Darbyshire 1967). 
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Fig. 4. T - S diagram for the sections on the west coast. 
o 
A salinity maximum with salinities ranging between 34.9 and 35.5 /oo was 
o 
observed in all four sections on the west coast at temperatures around 26 C. 
This salinity maximum is due to Arabian Sea water at the depth of the thermo- 
cline, formed in the northern Arabian Sea (Wyrtki 1973). 
o 
A second slight maximum in salinity was observed at a temperature about 12 C. 
This water mass, designated as Indian Ocean Equatorial water in Report I 
(Darbyshire 1967), aktains its high salinity in the northern Arabian Sea 
where its source is outflow from the Aden and Oman Gulfs. Wyrtki (1971, 1973) 
refers to this water mass as North Indian high-salinity intermediate water. 
This intermediate water was also observed in all sections on the east coast 
at depths greater than 150 m (Fig. 5). The surface water on the east coast was 
Fig. 5. T - S diagram for the sections on the east coast. 
characterized by the low-salinity Bay of Bengal water with salinities mainly 
O o 
ranging between 33.0 and 33.5 /oo and temperatures between 28 and 30 C. The 
O 
l bend of the T - S curves between 22 and 26 C in Fig. 5 indicate that there 
could be some slight effect of Arabian Sea water at the depth of the thermo- 
cline also on the east coast. Any salinity maximum due to this water was, 
however, not observed in any of sections VI - IX. 
4.2 Hydrographic structure 
In Fig. 6 Section IV off Galle is chosen to demonstrate the hydrographic 
features to the maximum observation depth. In the mixed layer above the 
O thermocline, temperatures were mainly between 27 and 28.5 C, decreasing to- 
wards the shore. The main thermocline was observed at 80 to 100 m depth. Below 
the thermocline the temperature decreased gradually with depth and was close 
to loOc at 500 m. 
The salinity maximum associated with Arabian Sea water was quite pronounced in 
the upper part of the thermocline at about 50 m depth. In the lower part of 
the thermocline there was a salinity minimum with values between 34.8 and 34.9 
Fig .  6. Temperature, s a l i n i t y  and d i s so lved  oxygen i n  s e c t i o n  I V  
on t h e  SW c o a s t .  
O /oo. From about  150 m depth  t h e  s a l i n i t i e s  increased  towards g r e a t e r  depths 
O 
and were c l o s e  t o  35.1 /oo a t  400 t o  500 m. This  i s  t h e  in te rmedia te  Arabian 
Sea water  and it was observed below 150 t o  200 m depth i n  a l l  s e c t i o n s .  On t h e  
O 
e a s t  c o a s t  i t s  s a l i n i t y  was s l i g h t l y  lower and d i d  n o t  exceed 35.05 /oo. 
The f e a t u r e s  i n  the ,upper  150 m of t h e  s e c t i o n s  o f f  t h e  west c o a s t  and Sect ion 
V o f f  Hambantota a r e  shown i n  Fig.  7. I n  t h e  Gulf of Mannar and o f f  t h e  north- 
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Fig. 7. Temperature, salinity, density (O t ) and dissolved oxygen in the 
upper 150 m of sections I-V. 
west coast (Sections I and 11) the major part of the mixed layer was heated to 
O O 
temperatures above 30 C. The salinity was below 34.5 /oo, increasing towards 
the salanity maximum in the thermocline. This represents a seasonal contrast 
to the observations made in this area during Survey I (Report, I, Figs. 6 and 
8). At that time there was a salinity manimum in the thermocline and there was 
O 
a mixed layer with salinity above 34.9 /oo and temperature between 24 and 
o 26 C. This suggests that low- salinity Bay of Bengal water occupies the mixed 
layer in the Gulf of Mannar during the NE monsoon season. The Low-salinity 
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Fig. 8. Temperature, salinity, density (5 ) and dissolved oxygen in the t 
I upper 150 m of sections V-IX. 
water formed along the west coast of India during the SW monsoon has, however, 
more effect at the depth of the thermocline than in the mixed layer. 
I On the west coast there was a general southward temperature decrease in the I. mixed layer. Off the south coast (Section V) the temperatures were below 28O~. 
The salinity maximum due to Arabian Sea water at the depth of the thermocline 
was observed in all sections on the west coast, mainly in their offshore part. 
In Section IV where it was most developed, high-salinity water covered most of 
l the shelf and on the outer station of the section its salinities exceeded i O 35.5 /oo. Off the south coast such a salinity maximum was not observed. This I shows that the monsoon current carries the bulk of the Arabian Sea water 
towards SE at some distance from the shelf of Sri Lanka. 
The conditions on the east coast are elucidated in Fig. 8. The hydrographic 
structure was characterized by only two water masses. Bay of Bengal surface 
water occupied the mixed layer. Along the entire stretch of the east coast 
O O O its temperatures were between 29 and 30 C and its salinity about 33.5 /oo. 
Below the thermocline there was a gradual change with depth towards the 
characteristics of the intermediate Arabian Sea water. 
The depth of the thermocline was now somewhat greater than during Survey I. 
This was most pronounced on the east coast where the main thermocline was 
situated at 80 to 110 m depth, about 40 to 60 m deeper than during Survey I. 
On the west and south coasts the main thermocline was observed somewhere 
between 50 and 100 m and the difference from Survey I was small. 
4.3 Currents 
During the survey the surface currents were estimated from the ships drift and 
assessed visually on fishing stations. In the Gulf of Mannar the currents were 
weak and irregular. From about Negombo a southward drift was observed, its 
speed increasing towards south. Off the south-west and south coasts there was 
quite strong current towards south-east and east. On several fishing stations 
its speed was assessed at two to three knots. Along the major part of the east 
coast there was a southward drift. North of Trincomalee, and particularly on 
the Pedro Bank, there was, however, strong current towards the north both in 
May and in June. These current observations were in general agreement with the 
USN Atlas of surface currents of the Indian Ocean (Anon 1970) eccept on the 
north-east coast where the currents according to the atlas should be southerly 
from May on. 
4.4 Dissolved oxygen 
Also during the present cruise there was a well defined relationship between 
temperature and dissolved oxygen content. The warm mixed layer was fairly 
well aerated with contents mainly above 4 ml/l. The oxycline was observed at 
the depth of the thermocline. Below the oxycline the oxygen content was low, 
everywhere below 1 ml/l. 
Average T - O curves for the west, south and east coast are shown in Fig. 9. 2 
O 
The figure shows that at temperatures below about 27 C there was some differ- 
ence between the west and the east coast. This difference was greatest at 
Fig. 9. Smoothed T - O diagrams for 1) Sections I-IV on the 2 
west coast, 2) Section V on the south coast, 
3) Sections VI-iX on the east coast. 
O O temperatures between 21 and 25 C. In this temperature interval the oxygen 
content was between 0.5 and 0.75 ml/l lower on the east coast than on the 
west coast. A similar but smaller difference was also observed on the south 
coast. Associated with this difference the oxycline on the east coast was 
situated higher in the thermocline than what was the case on the south and 
west coasts. 
To supplement the information on the oxygen conditions on the Pedro Bank, 
four hydrographic stations were taken in addition to Section IX. The obser- 
vations on these stations agreed well with the section. 
5. SURVEY RESULTS 
5.1 Coverage, interpretation and classification og echo recordings 
As mentioned under 2.1 the shelf area was systematically surveyed during the 
period 23 April - 30 May. Course tracks and positions of fishing stations 
with specification of type of gear are shown in Fig. 1. In order to obtain 
comparable r e s u l t s ,  c a re  was taken t o  fol low t h e  same procedures  and r o u t i n e s  
a s  dur ing  Survey I. The comments connected t o  t h e  survey methods i n  Report I 
a r e ,  t h e r e f o r e ,  v a l i d  f o r  t h e  p r e s e n t  survey, and only  a few main p o i n t s  a r e  
repea ted  here :  F i s h  very c l o s e  t o  t h e  bottom and i n  t h e  su r f ace  l a y e r ,  above 
t h e  depth  of t h e  t ransducer  of  t h e  echo sounder a r e  not  a v a i l a b l e  f o r  obser- 
v a t i o n  i n  t h i s  system. For nav iga t iona l  reasons only  waters  deeper than 10 m 
could  be surveyed. The extreme inshore  waters  and t h e  l a r g e  shallow a r e a  i n  
t h e  n o r t h ,  t h e  Pa lk  Bay and ad jacen t  waters  could thus  no t  be covered. 
I n t e r p r e t a t i o n  o f  t h e  echo record ings  was done i n  t h e  same manner a s  dur ing  
Survey I and f i s h  record ings  were c l a s s i f i e d  i n  t h r e e  main c a t e g o r i e s :  
a )  Schools and agrega t ions  of  apparent ly  l a r g e r  f i s h  near  t h e  bottom and i n  
mid-water. These a r e  a sc r ibed  t o  demersal o r  semi-demersal f i s h  such a s  
snappers ,  breams, groupers ,  jack mackerel e t c .  This  type of record ing  
was by f a r  t h e  most common a l s o  dur ing  t h e  p re sen t  c r u i s e  (Fig.  1 0 ) .  
b )  S ingle  f i s h  t r a c e s  o r  small  schools  of b igger  f i s h  c l o s e r  t o  t h e  sur face  
waters .  These record ings  a r e  thought t o  de r ive  from tunas  and tuna- l ike  
f i s h  (Fig.  11). They were l e s s  common and probably o f t e n  " l o s t "  i n  dense 
plankton record ings  near  t h e  sur face .  
c )  Recordings of  t r u e  l a r g e r  schools  o r  dense l a y e r s  mostly i n  upper water  
l a y e r s  (Fig.  1 2 ) .  These w i l l  most o f t e n  de r ive  from p e l a g i c  schooling 
f i s h ,  u sua l ly  of smal le r  s i z e  e .g .  c lupeoids ,  scads.  This  type was very  
r a r e l y  observed dru ing  t h e  p re sen t  survey and only  occurred i n  a few 
loca t ions .  It i s  p o s s i b l e  t h a t  dense plankton record ings  i n  some p l aces  
may have obscurred a l s o  such record ings .  
For ready r e fe rence  an example of  each ca tegory  of  f i s h  record ings  i s  given 
i n  F ig .  10 - 1 2 .  Reference i s  f u r t h e r  made t o  Report I where t h e  t h r e e  ca t e -  
g o r i e s  a r e  amply i l l u s t r a t e d .  
During t h e  process ing  o f  t h e  echo record ings  and i n t e g r a t o r  readings  c o n t r i -  
bu t ions  i n t e r p r e t e d  t o  be from plankton organisms and mesopelagic f i s h  where 
sepera ted  from t h e  above groups. The abundance of p lankton ,  based on in t eg ra -  
t o r  ou t -puts ,  was a t  about t h e  same l e v e l  a s  dur ing  Survey I. The h ighes t  
l e v e l s  were observed i n  t h e  Gulf of  Mannar with i n t e g r a t o r  va lues  up t o  
300 - 400 mm/nm. Considering t h e  whole survey a r e a ,  plankton record ings  were 
gene ra l ly  most dense i n  t h e  v i c i n i t y  of t h e  s h e l f  edge. 
Fig.  10.  Example of "Type A" echo recordings of demersal and semi- 
demersal f i sh. 
Fig. 11. Example of "Type B" echo recordings of dispersed pelagic  
f i s h .  
Fig. 1 2 .  Example of "Type C" echo recordings of schooling small pe lag ic  
f i s h  among recordings of dispersed l a r g e r  pe lagic  f i s h  (Type B ) .  
Mesopelagic fish was recorded beyond the shelf, mainly on the west coast, but 
only in small quantities. 
5.2 Fish distribution and abundance 
The echo integrator values ascribed to the three categories of fish were 
plotted along the survey tracks in charts and distribution charts were pre- 
pared by interpolation. Three levels of echo abundance are indicated in the 
charts. During the present cruise separate charts were prepared for the three 
categories of fish. The contribution from Type C was, however, so small that 
it was combined with Type B. The chart for Type A is shown in Fig. 13 while 
Fig. 14 shows the distribution of pelagic resources. 
Some agregations of fish consisted evidently of a mixture of species belong- 
ing to more than one category, but the cases were few and it is likely that 
Type B was more often classified as Type A than the opposite. 
The main features of the distribution of the resources had many similarities 
with the distributional pattern observed during Survey I. In general the most 
abundant resources were found on the west coast. Relatively high level of 
abundance was observed in several concentrations along this coastal stretch. 
The density rates were here somewhat higher than during Survey I. 
In the Hambantota area, between Dondra Head and Little Basses reef, the two 
coverages of the present cruise indicated a distribution similar to that 
observed during survey I. The abundance was, however, significantly lower 
than during Survey I. 
Along the east coast the resources were evenly distributed and no dense 
concentrations were observed. As a whole the abundance was at a slightly 
lower level than during Survey I. 
The abundance of Type B, and particularly Type C, was at a considerably lower 
level than during Survey I. The distribution of these categories is shown in 
Fig. 14 and it is seen that the densest concentrations were observed in the 
Gulf of Mannar, off Colombo and off the south-east coast. 
Recordings classified as Type C were derived only from some quite insignifi- 
cant aggregations in a few places on the west and south-east coast. 
5.3 Assessment 
5.3.1 Assessment of fish biomass 
A density coefficient for conversion of integrator deflection to fish biomass 
is worked out in Appendix 2. Based on averages of length and weight for 
groups of species given in Table 1, the density coefficient for demersal and 
semi-demersal fish, Type A, is found to be 14 tonnes/mm nm2 (One unit of 
integrator deflection indicates a fish density of 14 tonnes per square nauti- 
ca1 mile). For pelagic fish of Type B and C the density coefficient is 8 
The echo abundance plotted in the distribution charts as shown in Figs. 13 
and 14 has been integrated over area by planimetry and indices for the sub- 
areas are given in Table 2. A second assessment was prepared for the Hamban- 
tota banks and the Pedro bank based on the observations made in June. On the 
Hambantota banks the main distribtuional features were found to be very 
similar to the situation in May. Also the abundance was similar and the 
assessment gave the same results as in May. 
Table 1. Summary of length  measurements by species  o r  species  groups. Fork lengths .  
Fig. 13. Distribution of echo intensity cf recordings classified as demersa 
and semi-demersal fish (Type A), 23 April - 31 May. Indices of 
abundance by levels of integrator deflection (mm per nautical mils 
On the Pedro Bank the fish resources were observed as shown in Fig. 16 
in somewhat denser concentrations in June than in May. The assessed 
abundance was also slightly higher. 
, 
Table 2. Indices of integrated echo adundance and assessments~ofstanding biomass. 
Area 
I. NW coast 
1II.Hambantota Banks 
IV. E coast, 6O20'N - ~ ~ 2 0 ' ~  
VI. Pedro Bank 
5.3.2 Area I, the North-west Coast 
This area was surveyed from 24 - 30 April as shown in Fig. 1. Additional 
fishing experiments were made from 15 - 17 June, Fig. 2. The estimated abund- 
ance of fish biomass amounts to 120 000 tonnes. Particularly high concentra- 
tions, in fact the highest encountered during the entire cruise (Fig. 13), 
were observed off Karaitivu and in an area northwards from Negombo. 
As shown in Table 1 most of the fish recordings were classified as demersal 
and semi-demersal fish. This was supported by the composition of the trawl 
catches. In this area the proportion of small fish, particularly breams of 
lengths less than 20 cm, was greater than in any of the other areas. 
Compared with Survey I the resources were more abundant than in August 1978. 
This may be part of a seasonal trend, but it should also be noted that the 
area was incompletely covered in the first survey apart from the deep-water 
lobster ground. 
The results of the fishing experiments are summerized in Table 3 and details 
for each fishing station are given in Appendix Table I. Two trawl hauls were 
Fig. 14. Distribution of echo intensity of recordings classified as pelagic 
fish (Type B and Type C), 23 April - 31 May. Indices of abundance 
by levels of integrator deflection (mm per nautical mile). 
T a b l e  3. Summary of f i s h i n g  s t a t l o n s  i n  Area  I ,  NW c o a s t  n o r t h  o f  Negombo. 
Bottom t r a w l  ( C a t c h  p e r  h o u r ,  k g )  
1 225 1 7  2  1 7  1 9  1 7  
3  790  706  2  6  5  8  
4  3  08 262 2  5 2  1 
6  457 34 O 5 5 2  4  4 O 
7 300  1 2 1  1 2  2  3  5 3  9  O 
8 185 1 2  O 2  2  2  7  1 6  
1 3 8  246 134 8 9 5 9  
1 3 9  1 7 9  1 0 9  4  5  2  5  
14 O 2005 1 4 5 9  1 3 3  413 
1 4 1  4  96 305 1 1 0  7  9 
1 4 3  104 8  O 2  4  
144 3  7 5 1 0 7  37 7  5  4  2  114 
14 5  2  2  6  1 2  3  1 
146  1 3 0  7  2  2  2  3 3 O 
2  2275 L o b s t e r  229,  s h r i m p s  246 ,  d e e p - w a t e r  f i s h  1800 .  
137 2250 L o b s t e r  1 0 2 ,  s h r i m p s  1 1 5 ,  d e e p - w a t e r  f i s h  2030. 
P e l a g i c  t r a w l  ( C a t c h  p e r  h o u r ,  k g )  
O t h e r  
non- 
com- 
m e r c i a l  
5  37 . S e m i p e l a g i c  f  i s h  
S h a r k s  
r a y s  
S m a l l  
p e l a g i c  
';ation T o t a l  / S n a p p e r s  T r e v a l l y s  
S t a t i o n  
no 
Bottom l o n g  l i n e  ( C a t c h  k g )  
G t h e r  
com- 
m e r c i a l  
c a t c h  b reams  
q r o u p e r s  
e tc .  
T o t a l  
c a t c h  
m a c k e r e l  
etc.  
S t a t i o n  
no 
No 
hooks  
S h a r k s  T o t a l  
c a t c h  
S n a p p e r s  
b reams  
g r o u p e r s  
e t c .  
T a b l e  4. Summary o f  f i s h i n g  s t a t i o n s  i n  A r e a  11, SW c o a s t ,  Negombo - G a l l e .  
Bottom t r a w l  ( C a t c h  p e r  h o u r ,  kg)  
P e l g a g i c  t r a w l  ( C a t c h  p e r  h o u r ,  kg)  
O t h e r  
non- 
com- 
m e r c i a l  
Bottom l o n g  l i n e  (Ca tch  kg)  
S h a r k s  
r a y s  
S t a t i o n  
no 
S t a t i o n  
no 
2  4 200 9  9  
2  6  200 169 169  
28 200 54 3 4 1 8  2  
3 o 200 3 3 1 8 5  hooks  l o s t  
O t h e r  
com- 
m e r c i a l  
T o t a l  
c a t c h  
T r e v a l l y s  
m a c k e r e l  
e t c .  
T o t a l  
c a t c h  
S m a l l  
p e l a g i c  
S n a p p e r s  
b r e m s  
g r o u p e r s  
e t c .  
S m a l l  
p e l a g i c  
S h a r k  
r a y s  
T r e v a l l y s  
m a c k e r e l  
e t c .  
S n a p p e r s  T r e v a l l y s  T o t a l  
c a t c h  
S t a t i o n  
n o  b r e m s  
g r o u p e r s  
e t c .  
No 
hooks  etc.  
taken on t h e  deep sea l o b s t e r  ground which was studied i n  more d e t a i l  during 
Survey I. 
A s  shown i n  Table 2 t h e  ca tch  r a t e s  of l o b s t e r ,  shrimp and deep sea f i s h  i n  
these  two hauls  were a t  t h e  same r e l a t i v e l y  high l e v e l  a s  previously.  Other- 
wise the  bottom t rawl  f i s h i n g  on the  shel f  yielded genera l ly  high ca tches  of 
valuable food f i s h  and thus  confirm the  acoust ic  observations.  
5.3.3 Area 11. The South-west Coast from Negombo t o  Galle  
Area I1 was surveyed during t h e  period 3 - 10 May. Rela t ive ly  high values of 
echo i n t e n s i t y  were observed, p a r t i c u l a r l y  j u s t  nor th  of Colombo and o f f  
Gal le  (Fig. 13  and 1 4 ) .  The densest  concentrat ions were genera l ly  observed on 
t h e  outer  p a r t  of  t h e  she l f  on rough bottom. Sampling of t h e  densest  concen- 
t r a t i o n s  with bottom t rawl  was t o  a  g r e a t  extent  r e s t r i c t e d  by the  poor 
bottom condit ions.  The f i s h  d i s t r i b u t i o n  i s  s imi la r  t o  t h a t  observed i n  
Survey I with denser patches o f f  Negornbo, Colombo and f u r t h e r  south towards 
Galle .  
The assessment of t h e  resources i n  the  area  amounted t o  150 000 tonnes. Of 
t h i s  130 000 tonnes were c l a s s i f i e d  a s  demersal and semi-demersal f i s h  (Table 
2 ) .  The t o t a l  es t imate  was about 70 000 tonnes lower than t h a t  of Survey I. 
The resources c l a s s i f i e d  a s  Type A were, however, a t  about t h e  same l e v e l  i n  
both surveys and t h e  d i f fe rence  i s  due t o  a  marked decrease of the  pe lagic  
resources,  Type B and p a r t i c u l a r l y  Type C.  
Table 4 sumrnarizes t h e  r e s u l t s  of t h e  f i s h i n g  t r i a l s .  The catch r a t e s  a r e  a s  
mentioned above not  r ep resen ta t ive  of  the  abundance of f i s h  i n  t h i s  region 
because of t h e  l a r g e  a r e a s  of rough bottom. The hauls  exceeding one tonne per  
hour were made o f f  Negombo and Galle. The main ca tch  consis ted  of demersal 
and semi-demersal f i s h  both on t rawl  and long l i n e .  The l a t t e r  gave some 
promising y ie lds .  
5.3.4 Area 111, The Hambantota Banks 
This r a t h e r  wide shel f  a r e a ,  l imi ted  by the  narrow p a r t  o f f  Dondra Head t o  
t h e  west and L i t t l e  Basses Reef t o  the  e a s t ,  was surveyed during the  period 
10 - 14 May and again from 4 - 6 June. The recordings were genera l ly  a t  a  
r e l a t i v e l y  low l e v e l .  The h ighes t  echo i n t e n s i t i e s  were mainly observed on 
Table  5. Summary of  f i s h i n g  s t a t i o n s  i n  Area 111, Hambantota Banks. 
Bottom t r a w l  (Catch  p e r  h o u r ,  kg )  
P e l a q i c  t r a w l  !Catch p e r  hou r ,  kg )  
S t a t i o n  T o t a l  Snappe r s  
Bottom l o n 9  l i n e  (Catch  kg)  
- 
S t a t i o n  
no  
Othe r  
non- 
corn- 
m e r c i a l  
breams 
g r o u p e r s  
e t c .  
no 
O t h e r  
com- 
m e r c i a l  
T r e v a l l y s  
macke re l  
e t c .  
c a t c h  
T o t a l  
c a t c h  
S t a t i o n  
no 
Small  
p e l a g i c  
T r e v a l l y s  
m a c k e r e l s  
e t c .  
No 
hooks 
Sha rks  
r a y s  
Sha rks  
r a y s  
Sma l l  
p e l a g i c  
i 
T r e v a l l y s  
macke re l  
etc. 
T o t a l  
c a t c h  
Othe r  
com- 
m e r c i a l  
Snappers* 
breams 
g r o u p e r s  
e t c .  
Tab le  6 .  Summary of f i s h i n g  s t a t i o n s  i n  Area I V ,  E a s t  c o a s t  and B a t t i c o l o a  Banks. 
Bottom t r a w l  (Catch  per  hour ,  kg)  
P e l a g i c  t r a w l  (Catch  p e r  hour ,  kg) 
S t a t i o n  
no 
Bottom lon9 l i n e  (Catch  kg) 
T o t a l  
c a t c h  
Snappers 
breams 
g roupe r s  
e t c .  
S t a t i o n  
no 
T o t a l  T r e v a l l y s  Small  
c a t c h  macke re l s  p e l a g i c  I e t c .  
T r e v a l l y s  
macke re l  
e t c .  
O the r  
com- 
merc i a1  
S t a t i o n  
no 
Smal l  
p e l a g i c  
T o t a l  
c a t c h  
No 
hooks 
Other  
non- 
com- 
m e r c i a l  
Sharks  O t h e r  
r a y s  
Snappers  
breams 
g r o u p e r s  
e t c .  
com- 
m e r c l a l  
O t h e r  
com- 
m e r c i a l  
T r e v a l l y s  
mackere l  
e t c .  
Sha rks  
r a y s  
the outer shelf, also here on rough bottom. The estimate of the resources was 
only about 35 000 tonnes as against 100 000 tonnes during Survey 1. Of this 
only about 5000 tonnes were classified as pelagic fish and was observed near 
the Little Basses Reef. The reduced abundance is first of all evident in the 
pelagic fish. 
As shown by Table 5 catch rates and catch compositions confirm these find- 
ings. The few pelagic trawl hauls conducted gave only insignificant catches, 
while those with bottom trawl and long line were of the same level or even 
somwehat higher than during Survey I. The catch rates in some of the fishing 
experiments with bottom long lines would be considered good in a commercial 
fishery. 
5.3.5 Area IV. East Coast and Batticaloa Banks 
This rather narrow shelf was surveyed from 14 - 21 May. The resources were 
evenly distributed over the shelf but recordings were generally of moderate 
abundance. Again the Type A species accounted for the major part of the fish 
biomass. These were assessed at about 40 000 tonnes while pelagic species of 
Type B were estimated to only 15 000 tonnes. The total assessment is only 
about half of the estimate from Survey I and again the difference is mainly 
due to the very small quantities of pelagic fish, notably Type C, while the 
demersal resources were almost at the same1 level as during Survey I. Table 6 
shows in summary the results of the fishing operations in the area. The 
highest catch rates come from bottom trawl hauls in very shallow waters 
whereas fishing with pelagic trawl and long-lines only yielded low catches. 
5.3.6 Area V. Trincomalee - Mullaittivu 
This area was surveyed from 21 - 24 May. Distribution and abundance of the 
resources were similar to those in Area IV. On the shelf the fish was gene- 
rally recorded close to the bottom. Some recordings classified as Type B were 
recorded off the shelf. The total fish biomass was estimated at about 25 000 
tonnes of which 5000 tonnes were classified as pelagic resources. Also this 
was about half the arnount of the assessment from Survey I, mainly resulting 
from a lower abundance of pelagic resources. Recordings classified as small 
pelagic species were not observed in this area. Results of the fishing opera- 
tions are summarized in Table 7. The catch rates with bottom trawl were 
moderate or low, and most derive from extreme inshore waters. 
Tab le  7.  Summary of  f i s h i n g  s t a t i o n s  i n  Area V,  Tr incomaiee  t o  b f u l l a i t t i v u .  
Bottom t r a w l  (Ca tch  p e r  hou r ,  kg) 
P e l a g i c  t r a w l  (Ca tch  p e r  hou r ,  k g )  
S t a t i o n  
no 
S t a t i o n  I T o t a l  I 
7 3 1 Smal l  r e d  prawns 
T o t a l  Snappe r s  T r e v a l l y s  
c a t c h  b r e m s  mackere l  
g r o u p e r s  e t c .  I I t C  / 
Bottom lon9 l i n e  (Catch  kg )  
Sma l l  
p e l a g i c  
S t a t i o n  
no 
Other 
non- 
com- 
merc i a1  
S h a r k s  
r a y s  
No 
hooks 
Othe r  
com- 
m e r c i a l  
O t h e r  
com- 
m e r c i a l  
T o t a l  I Snappe r s  T r e v a l l y s  
mackere l  
e t c .  
c a t c h  
Shark 
r a y s  breamc 
g r o u p e r s  
e tc .  , 
Table 8. Summary of fishing stationc in Area VI, Pedro Bank. 
Bottom trawl (Catch per hour, kg) 
Pelagic trawl (Catch per hour, kg) 
Other 
non- 
com- 
mercia1 
117 5 Fich larvae, plankton 
Station 
no 
Bottom long line (Catch kg) 
Cmall 
pelagic 
Sharks 
rays 
Total 
catch 
Other 
corn- 
rnercial 
Trevallye 
mackerel 
etc. 
Snapperc 
brems 
grouperc 
etc. 
Station 
no 
Total 
catch 
Station 
no 
No 
hooks 
Total 
catch 
Cnappers 
brems 
groupers 
etc. 
Trevallys 
mackerel 
etc. 
Sharkc 
rayc 
5.3.7 Area VI. The Pedro Bank 
O 
The area, between 9 30'N and the border towards the Indian economic zone, 
was surveyed from 24 - 29 May and from 9 - 12 June. The fish resources were 
distributed on the inner part of the bank, mainly at depths less than 40 to 
50 m. The recorded echo intensities were low also here, generally at about 
the same level as in areas IV and V. Some spots of higher densities were, 
however, observed. Demersal resources were assessed at hardly 10 000 tonnes 
and were again the most important component of the total fish biomass which 
was estimated at 15 000 tonnes. The highest echo intensities were observed at 
depths around 20 m. Fairly dense concentrations were recorded very close to 
the bottom as illustrated in Fig. 15 which shows the recordings as a thicken- 
ing of the bottom line. Such concentrations were always distributed over a 
very limited area, never more than a few square nautical miles. In such spots 
trawl experiments yielded fairly good catches, Table 8. The catch from the 
concentration recorded in Fig. 15 was close to two tonnes per hours tow 
(fishing station no. 80). 
On the outer part of the bank the recordings were poor and the fishing opera- 
tions were in support of this observation. In this area trawl catches were at 
an insignificant level. 
Fig. 15. Echo recordings of demersal fish very close to the bottom 
on Trawl station 80. Catch per hour was 1950 kg. 
The hydrographic observations on the  bank showed t h a t  the  content  of  d i s -  
solved oxygen was below 2 - 3 m l / l  (Fig. 8)  a t  depths g rea te r  than 50 t o  60 
m. The lack of t h e  most common demersal species  on the  outer  p a r t  of the  bank 
I suggests  t h a t  they p r e f e r  well  oxygenated waters. 
Comparing with Survey I t h e r e  was a l s o  i n  t h i s  a rea  a considerable decrease 
i n  t h e  t o t a l  biomass. The most s t r i k i n g  d i f fe rence  was the  low abundance of 
small pe lagic  schooling f i s h  which were observed i n  abundance during Survey 
5.3.8 Estimate from t h e  t rawl  survey 
On t h e  g rea te r  p a r t  of  t h e  she l f  the  denses t  f i s h  concentrat ions were ob- 
served on rough bottom where sampling with bottom t rawl  was impossible. An 
assessment based on t rawl  ca tches  would the re fo re  not  be representa t ive  f o r  
t h e  t r u e  d i s t , r ibu t ion  and abundance of f i s h .  
On t h e  Pedro Bank, however, t h e  number of t rawl hauls  was g r e a t  enough t o  
warrant an es t imate  of demersal f i s h  biomass from t rawl  catches. The whole 
sub-area was f a i r l y  well  covered and sampling with bottom trawl could a l s o  be 
expected t o  be reasonably rep resen ta t ive  s ince  the  demersal resources were 
recorded c lose  t o  t h e  bottom, mainly within reach of the  trawl.  
With a n e t  sonde t h e  v e r t i c a l  opening of t h e  t rawl  was measured t o  about 5 m. 
The d i s t ance  between t h e  wing ends was about 15 m and warp angle measurements 
indica ted  t h a t  t h e  gear  covered a t r ack  about 55 m between the  t rawl  doors 
when operated with 40 m b r i d l e s .  
The area ,  A, covered by t h e  t r awl  was taken t o  be t h e  d is tance  between the  
wing ends mul t ip l ied  by the  length  of t h e  tow. The f i s h  biomass, B,  per  
square nau t i ca l  mile on t h e  t rawl  s t a t i o n s  was ca lcula ted  a s  
where C i s  ca tch ,  A i s  a rea  covered by t h e  t rawl  n e t  expressed i n  square 
nau t i ca l  mi les ,  and F i s  t h e  ca tch  e f f i c i ency  c o e f f i c i e n t  of the  t rawl ,  i s e .  
the  r a t i o  between ca tch  and quan t i ty  of f i s h  i n  the  path of the  trawl n e t .  
The estimate is, of course, highly dependent on the efficiency coefficient. 
As a first approximation Saville (1977) suggests F equal to 1.0 to give a 
lower Limit of the proportion of the stock which is catchable by the trawl. 
Reliable data on trawl gear efficiency is scanty. The few data available 
indicate that an efficiency close to 1 can be expected only for very sluggish 
specbes. Based on tests Harden Jones et al. (1977) arrived at an efficiency 
coefficient of 0.61 for plaice (Pleuronectes platessa L.). Dickson (1974) 
claims that the efficiency for roundfish will be considerably less. In simi- 
lar trawl surveys coefficients ranging from 0.3 to 1.0 have been applied 
(Budnichenko et al. 1977, Birkett 1978). In a trawl survey off Mozambique, 
Sætre and Silva (1979) used 0.5 as the efficiency coefficient for the type of 
bottom trawl used on "Dr. Fridtjof Nansen". This is also in agreement with 
general conclusions from the FAO Indian Ocean Programme (Anon 1979). An 
efficiency coefficient of 0.5 for the present survey has therefore been 
applied. 
Catch per square nautical mile on trawl stations are listed in Table 9. The 
values for trawl stations on the Pedro Bank were plotted in a chart and 
values for the whole bank area were determined by interpolation between the 
trawl stations. The resulting distribution chart is shown in Fig. 16 together 
with the distribution chart based on the acoustic survey made in June. Indices 
of abundance in the charts correspond to equal levels of fish density. As 
demonstrated by the figure the two distributional patterns are closely related. 
The main difference is a patch of dense concentrations on the outer shelf in 
the acoustic map. These resources were observed on rough bottom and could not 
be sampled by the trawl. 
Based on the trawl survey the demersal resources on the Pedro Bank were 
assessed at 8000 tonnes. This result agrees fairly well with the acoustic 
assessment in June which was 11 000 tonnes. Here it is worth noting that the 
estimate based on the trawl survey includes only fish within 5 m from the 
bottom. Although the demersal resources on the Pedro Bank were generally 
observed close to the bottom, a part was recorded in mid water above the 
reach of the trawl. Nor was the dense patch in the outer part of the area 
included in the trawl based assessment. 
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Fig. 16. Distribution of demersal and semi-demersal fish on the Pedro 
Bank 9 - 12 June. Left: Distribution based on trawl survey 
with indices of fish density in tonnes per square nautical 
mile. Right: Distribution of echo intensity by levels of 
integrator deflection. (m m per nautical mile). 5 mm'per 
nautical mile correspond to 70 tonnes per square nautical 
mile. 
5.3.9 Comparison of trawl data with acoustic data 
- 
As described above, the biomass estimates obtained from the trawl survey and 
the acoustic survey on the Pedro Bank corresponded fairly well. For the rest 
of the survey area a similar comparison is not possible due to the non- 
representative distribution of trawl stations. A comparison of "acoustic 
estimates" of fish biomass per unit area in the localities of trawl stations 
will, however, give some general information on the relation between acoustic 
observations and trawl samples. Catch per square nautical mile as given in 
Table 9 was compared with an assessment of the echo recordings obtained 
during the tow. Only recordings less than 5 m from the bottom were included 
in the assessment to correspond with the vertical opening of the trawl. 
Integrated "fish echo intensity" for each tow was obtained from the total 
integrator output through the ordinary evaluation of the type of recordings 
shown in the echo diagrams. The resulting acoustic assessments are also given 
in Table 9. 
In Fig. 17 these two types of estimate are plotted against each other. Sepa- 
rate plots are shown for trawl stations at depths less than 30 m and for 
stations worked between 30 and 100 m depth. Trawl stations where the echo 
recordings were interpreted as pelagic fish (Type B) are symbolized by 
crosses. On all other stations echo recordings within 5 m from the bottom 
were interpreted to be derived from demersal fish (Type A). The stations with 
Type A recordings form a fairly good inter-relationship, the correlation 
coefficient being 0.92 and 0.91 for stations worked shallower than 30 m and 
in deeper waters respectively. The regression line for the interrelation, 
stations symbolized by a cross excluded, is shown in the figure. It is seen 
that the line for the shallower stations is notably steeper than that for the 
stations at depths between 30 and 100 m, their slope coefficient being 0.72 
and 0.58 respectively, This indicates that the ratio between trawl catch per 
square nautical mile and acoustically assessed fish density varies with 
depth. This could be the effect of differential fish behaviour possibly 
caused by vessel-noice in shallow water, as discussed below. 
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Fig. 17. In te r - re l a t ion  between t rawl  ca tch  per  square nau t i ca l  mile 
and acoust ic  assessment of echo recordings wi th in  5 m from 
bottom during tow (Table 9 ) .  Regression l i n e  f o r  top  sec t ion  i s  
indica ted  by broken l i n e  i n  bottom sect ion .  1) Echo recordings 
in te rp re ted  t o  be Type B. 2 )  Echo recordings i n t e r p r e t e d  t o  be 
Type A. 
Table 9. Data on fish density on bottom trawl stations: Catch per square 
nautical mile calculated from catch and area swept by trawl net. 
Acoustic assessment of fish density (Integr. index) derived from 
echo recordings obtained within 5 m from bottom during tow. Inter- 
pretation of echo recordings by category. 
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6. DISCUSSION OF METHODS 
During t h e  present  survey the  g r e a t e r  p a r t  of the  f i s h  biomass was 
observed near  the  bottom. The l i m i t a t i o n  of t h e  echo sounder i n  de tec t -  
ing  f i s h  very c lose  t o  t h e  bottom i s  weil  known and thus  p a r t  of the  re-  
sources rnay have escaped de tec t ion  and an under-estimate rnay have occurred. 
According t o  common d i e 1  behaviour p a t t e r n ,  many species  a r e  c l o s e r  t o  the  
bottom by day than by n igh t  and the  under-estimate should consequently be 
g r e a t e s t  during day hours. To look i n t o  t h i s ,  r e p l i c a t e  day - night  sur- 
veying was done over 35 nau t i ca l  miles on the  Pedro Bank. The average r a t i o  
between night  and day recordings,  c l a s s i f i e d  a s  Type A ,  was 1.3.  This 
suggests a not  i n s i g n i f l c a n t  under-estimate by day. Such an under-estimate 
i s ,  however, d i f f i c u l t  t o  quant i fy  s ince  the  "dead zone" of t h e  echo sounder 
v a r i e s  with depth and t h e  roughness of the  bottom. Repeated surveying over 
only 35 nau t i ca l  miles i s  a l s o  too l imi ted  t o  warrant any correc t ion  of t h e  
survey r e s u l t s .  I t  supports ,  however, t h e  assumption t h a t  some under- 
est imation rnay have occurred. Table 10 g ives  the  number of nau t i ca l  miles 
s a i l e d  by day and by n igh t  t o  survey t h e  various sub-areas. It appears from 
the  t a b l e  t h a t  i n  a r e a s  11, 111, I V  and V I  survey work was divided equal ly  
on day and night .  In  Area I the re  was some excess of n ight  surveying while 
Area V was mostly surveyed by day. Underestimate due t o  the  d i e 1  f i s h  
behaviour was the re fo re  of most importance i n  Area V and l e a s t  i n  Area I. 
Extended p a r t s  of  t h e  survey area  around S r i  Lanka a r e  shallow and here the  
sampling volume of t h e  echo sounder becomes q u i t e  narrow. For ins tance  a t  
20 m depth t h e  diametre of  the  sound beam i s  hardly 2.5 m. This i s  i l l u s -  
t r a t e d  i n  Fig.  18 where dimensions a r e  c o r r e c t  i n  r e l a t i o n  t o  20 m echo 
depth. Dimensions of t h e  t r awl  mouth a r e  a l s o  included and the  f igure  shows 
t h a t  a t  t h i s  depth t h e  r a t i o  between t h e  diametre of the  sound beam and the  
d i s t ance  between t rawl  wings i s  about 1 t o  6. It  rnay the re fo re  well happen 
t h a t  f i s h  a r e  caught without being recorded by t h e  echo sounder. 
In t h e  upper water l aye r s  the  vesse l  rnay a l s o  generate escape behaviour, a t  
l e a s t  f o r  some species.  Olsen (1979) has f o r  ins tance  shown t h a t  herr ing  
(Clupea harengus) responds t o  the  passage of  a vesse l  a t  l e a s t  down t o  50 m 
depth. This rnay p a r t l y  be a "ploughing" e f f e c t  with responding species moving 
Table 10. Survey work split on day and night in the sub-areas, 
nautical miles surveyed and % of total. 
Night 
N.miles % 
Fig. 18. Dimensions of the sound beam from the echo sounder at 20 m 
echo depth in relation to the distance between trawl doors 
and wind ends of the trawl net. 
to the sides of the vessel, and partly the fish rnay move to the bottom. Both 
these types of response lead to avoidance of detection and consequently an 
under-estimate. The variation with depth of the ratio between trawl catches 
per unit area and acoustic estimate mentioned above (Fig. 17) supports this 
assumption. A part of the fish escaping the vessel rnay flee to the bottom and 
be caught more easily by the trawl, but avoid detection by the echo sounder. 
The response of the fish to the vessel is likely to decrease with increasing 
depth and rnay thus give rise to the depth variation of the ratio between 
trawl catch per unit area and acoustic estimate. 
I 
! It is established that doors and bridles are active parts of the trawl gear 
because of their shepherding effects. In the present case, however, quanti- 
fication is difficult since many trawl hauls were worked in very shallow 
water. The scaring effect of the vessel mentioned above will possibly also 
influence the trawl catches since fish rnay escape to the sides and reduce the 
herding effect of the doors and bridles. Because of this only the area swept 
I 
l 
by the trawl net was considered when working out catch per unit area. 
The catch efficiency of the trawl rnay vary with species. The trawl stations 
marked with crosses in Fig. 17 indicate that avoidance rnay be quite signifi- 
cant for pelagic fish. An assessment based on these trawl hauls would result 
in a considerable under-estimate. 
7. DISCUSSION OF SURVEY RESULTS 
The main objective of the cruise was to repeat the survey conducted in 
August - September 1978 in another season. 
The distributional pattern of the demersal resources (Type A) showed general 
similarities with the findings from Survey I. There were, however, some 
changes in the location of the most abundant concentrations. The highest echo 
intensities were observed in Area 1, the north-west coast north of Negombo. 
Even though this area was insufficiently covered during Survey I, it is 
likely that the demersal resources had now increased. On the south coast on 
the other hand, the assessment indicated a decrease. These observations 
suggest that a seasonal migration to the north-west coast rnay have occurred. 
The assessment of demersal and semi-demersal resources (Type A) for the whole 
survey area amounted to 330 000 tonnes. This is very close to the assessment 
obtained from Survey I, but it is worth noting that Area I was excluded from 
that assessment. The present result therefore represents a decrease in rela- 
tion to Survey I, but in consideration of the likely increased abundance in 
Area 1, the decrease is rather slight. 
Following Report I a factor of 0.2 may be applied for the estimate of the 
sustained yield from the unfished standing demersal and semi-demersal bio- 
mass. On the basis of this the potential annua1 yield would be near 70 000 
tonnes. 
The two surveys give indication of some seasonal migrations, notably between 
the west and south coasts. This coastal stretch should therefore be consi- 
dered as a whole with a potential annua1 yield of approximately 50 000 tonnes 
of demersal and semi-demersal fish. 
On the east coast the demersal and semi-demersal biomass was at about the 
same level during the two surveys and the assessments suggest a potential of 
approximately 15 000 tonnes as annua1 yield. Out of this about 2000 tonnes 
may be taken on the Pedro Bank. 
Pelagic resources were assessed at a total of approximately 70 000 tonnes for 
the whole survey area. Compared to the findings during Survey I this repre- 
sents a drastic decrease. The reduction is demonstrated by extremely few 
recordings of small pelagic fish. The assessment of recordings classified as 
Type C hardly amounted to 5000 tonnes in total for the survey area. The most 
plausible reason for this low level is likely to be seasonal fluctuations and 
migrations to extreme shallow waters. As regards bigger pelagic species on 
the west and south coast this assumption is supported by reports on decreas- 
ing catches of pelagic fish from January to April (de Bruin 1979). On the 
east coast, however, de Bruin reports on high catches during June - September 
of small pelagic species. On the present cruise the Pedro Bank was surveyed 
in May and in June, in both cases with quite moderate recordings of pelagic 
fish. 
The detection of dispersed small pelagic species could be obscurred by re- 
cordings of dense plankton consentrations. Such plankton recordings occurred, 
however, only in limited areas, notably near the shelf edge. Moreover, schools 
of pelagic fish would be distinguishable even in dense plankton layers. It 
thus seems highly unlikely that recordings of small pelagic fish were mis- 
interpreted as plankton to an extent which can explain such a great differ- 
ence. In conclusion the findings of the two cruises suggest that the abund- 
ance of the pelagic resources is variable. 
Contrary to the trawl which has decisive shortcoming on rough bottom and in 
sampling of highly avoiding species, the acoustic survey method offers about 
the same level of precision throughout the survey area. From the discussion 
of the method it may be concluded that most of the sources of bias bring 
about an under-estimate. Am important exception is the density coefficient, 
the bias of which is difficult to determine. It might be argued that the 
fairly good agreement between the estimates based on respectively acoustic 
survey and trawl survey on the Pedro Bank simply depends on a suitable choice 
of coefficients for fish density and trawl efficiency. The coefficients are, 
however, established independently and the agreement suggests that they are 
within reasonable limits. In general it can therefore be concluded that the 
assessment presented is an under-estimate. 
The various limitations and reservations mentioned in the report on Survey I 
also apply to these new findings. The extensive northern Palk Bay and Palk 
Strait areas are not covered, and extreme inshore shallow waters could only 
be covered incompletely. The important resources of large pelagic fish, tunas 
and tuna-like fish are probably only partly included in the biomass assess- 
ment s . 
Since bottom long lines are a passive type of gear, the results from the long 
line stations could not be applied in the assessment. This gear contributed 
nevertheless very usefully in the wide shelf areas where bottom trawl could 
not be used. The catches confirmed that the big demersal species accounted 
for at least part of the demersal recordings als0 in these areas. 
Bottom long lines were operated at various times of the day. Most fishing 
experiments were made in daytime and lasted about two hours, but come ex- 
periments were also tried over night. No significant difference in fishing 
efficiency was observed in relation to time of day. The relatively small 
number of trials made during the cruise is, however, insufficient for defi- 
nite conclusions about this. Predation on catch by bigger fish like sharks 
occurred, but was not a serious problem. 
I n  severa l  cases q u i t e  encouraging catches were taken on bottom long l i n e s ,  
up t o  2.1 kg per  hook. t h e  catches va i red ,  however, with the  type of b a i t  
used. Various types  of b a i t s  were t r i e d ,  bu t  squid proved by f a r  most suc- 
cess fu l .  
Bottom long l i n e s  s tand ou t  a s  an i n t e r e s t i n g  gear f o r  commercial exploi ta-  
t i o n  of t h e  demersal resources.  I t  i s  a comparatively inexpensive gear with 
only small demands on t h e  f i s h i n g  boat.  With small modifications the  e x i s t i n g  
mechanized f i s h i n g  boa t s  could probably d i v e r t  t o  such f i s h e r y  with p r o f i t .  
8. LENGTH - AND WEIGHT DATA OF FISH 
A l 1  p r i n c i p a l  species  occurring i n  the  catches were sampled f o r  length  and 
weight. These da ta  w i l l  be processed i n  d e t a i l  by the  F i she r i e s  Research 
S t a t i o n  of Colombo. 
Annex Table 2 shows t h e  s i z e  d i s t r i b u t i o n s  by species  f o r  survey a reas  and 
Annex Table 3 shows t h e  length  - weight da ta  f o r  some species.  
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Appendix Table I. Record of fishing operations. 
BTR = Bottom trawl. PTR = Pelagic trawl. LL = Long line. 
Time Bottom Gear Position Total 
Date Start St. Gear depth depth catch 
no. type (m) (m) Lat. N Long. E (kg) 
26.4 0746 1 BTR 19 19 08~57' 7g032' 148 
Catch Dominant speciec Mean 
per (or group) weight 
hour (kg) Total catch(kg1 (kgl 
Lethrinidae 43.0 
Lutianidae 30.2 
Carangidae 10.9 
Plectorhynchus sp. 18.3 
Serranidae 21.9 
Puerulus sewelli(Lobster1 229 
Deep water fish 1797 
Lethrinidae 288 
Lutjanidae 39.3 
Plectorhynchus sp. 59.4 
Epinephelus undulosus 37.5 
Drepane punctata 92.1 
Gnathanodon speciocus 19.3 
Skates 43.5 
Otolithes sp. 14.2 
Lethrinidae 73.3 
Lutjanidae 14.4 
Plectorhynchus sp. 43.2 
cemipelagic sp. 17.6 
squid (small1 1.0 
Epinephelus tauvina 35.0 
Lethrinidae 44.1 
Plectorhynchus pictus 54.9 
Skates 27.7 
26.4 1300 2 BTR 275 08~41' 7g034' 2272 
26.4 2010 3 BTR 15 08~47' 7g040' 594 
27.4 l610 4 BTR 10 07~46' 7g042' 154 
27.4 1905 5 PTR 45/57 07~48' 7g036' 19 
28.4 0820 6 BTR 12 07~30' 7g043' 229 
28.4 1128 7 BTR 15-20 07~25' 7g046' l50 Lethrinidae 13.3 
Lutjanidae 18.9 
Skates 11.7 
Pomacanthidae 15.4 
Parrotfich 26.6 
Gnathanodon speciosus 5.9 
Lethrinidae 19.4 
Lutjanidae 17.3 
Plectorhynchus plctus 23.4 
Skates 11.2 
Semipelagic + cquid + krrll 
Skates 77.9 
Lutjanidae 21.6 
Epinephelus undulosus 27.3 
Plectorhynchus pictus 6.1 
Lutjanidae 8.2 
Carangidae 5.3 
Lethrinuc nebulosus 11.9 
Lutjanus canguineus 8.2 
Lethrinuc nebulosus 11.9 
Carangidae 10.4 
Squid + fich larvae 
28.4 1450 8 BTR 24 07~18' 7g042' 93 
29.4 0007 9 PTR 45 07~08' 7g029' 16 
29.4 0710 . l0 BTR 24 07~06' 79'42' 161 
29.4 1249 11 BTR 37 06~56' 79'42 27 
3.5 1030 12 BTR 44 06~51' 7g044' 32 
3.5 1305 13 PTR 49 26/44 06~49' 79O42' k 
3.5 1705 14 Gill 4/10 06~45' 7g032' O 
net. 
4.5 0655 15 HL 06~33' 7g046' O 
4.5 0900 l6 HL 15 06~32' 7g055' O 
4.5 1020 17 BTR 41 06~32' 7g052' 43 Lethrinus nebulosus 8.0 2.67 
Lutjanidae 10.9 5.45 
Epinephelus undulosus 10.0 5.00 
Plectorhynchus pictus 5.1 1.02 
Carangidae 8.6 4.30 
5.5 0100 1% G.Net. 
6.5 0735 19 PTR 
7.5 0001 20 BTR 
7.5 0701 21 BTR 
Plankton 1.0 
Mudbottom, no good for trawling 
Epinephelus undulosus 8.9 4.45 
Squid (small) 0.25 0.01 
7.5 1104 22 HL 
7.5 1720 23 PTR Naco tuberosus 30.0 1.67 
Sphyraena CP. 4.0 4.00 
Cephalopholis sonnerati 2.5 0.83 
Pristipomoides typuc 4.6 4.60 
Lethrlnus nebulasus 2.2 2.20 
8.5 1300 25 BTR 
8.5 1745 26 LL ~ethrinidae 82.8 3.31 
Ephinephelus sp 51.3 3.66 
Lutj anidae 32.6 4.08 
Lethrinidae 24.6 4.92 
Prictipomoides typus 9.3 4.65 
Caranx cp. 17.3 3.46 
Time 
Date Start St. Gear 
no. type 
Bottom Gear 
depth depth 
(m) (m) 
Position 
Lat. N Long. E 
Total Catch Dominant speciec , Mean 
catch per (or group) weight 
(kg) hour(kg) Total catch(kg) (kg) 
9.5 1440 29 BTR 
9.5 1750 30 LL 
11.5 1155 31 BTR 
Caranx carangus 152 
Selar crumenophthalmus 24.0 
Otholithec sp. 164.4 
Lutjanidae 3.0 
(Line broke after hauling 
a few hooks.) 
Squid 28.9 
Lethrinus nebulosus 4.2 
Epinephelus undulosus 7.7 
Lutjanidae 12.1 
Plectorhynchus pictuc 10.5 
Argyropc cpinifer 2.1 
Sharks 5.3 
Lethrinidae 48.9 
Serranidae 9.7 
Lutjanidae 19.0 
Plectorhynchus pictus 8.0 
Acanthurus sp. (surgeon) 39.1 
Serranidae 66.1 
Lutjanidae 12.2 
Plectorhynchus pictuc 12.6 
Lutjanidae 100.5 
Lethrinidae 36.6 
Serranidae 31.8 
12.5 0755 33 BTR 
tch 
12 
Serranidae 20.8 
Lutjanidae 27.0 
Lethrinidae 3.5 
Aprion virescens 5.0 
3 small lobcters 1.0 
13.5 1135 37 BTR 
13.5 1300 38 PTR 
13.5 1715 39 LL Carangidae 17.6 
Lutjanidae 61.4 
Lethrinidae 106.3 
Serranidae 12.7 
White tip shark 11.2 
Lutjanidae 16.6 
Lethrinidae 9.9 
Leiognathidae(pony-f ich)  71.6 
Sardinec 68.9 
Rastrelliger kanagurta 36.0 
Sphyraenidae 9.9 
Gerridae(ci1ver biddiec) 10.8 
Scombroidea 14.9 
Catfish 18.0 
O-groups of various sp. 
Leiognathuc 52.5 
Rastrelliger kanagurta 9.0 
Sciaenidae 4.0 
Sardinec (mixed) 5.5 
14.5 0445 40 LL 
14.5 1225 41 BTR 
14.5 2050 42 PTR 
15.5 0055 43 BTR 
Lutjanus sanguineus 
Caranx sp. 
Shark (scoliodon) 
Lutjanidae 
Plectorhynchus pictus 
Epinephelus undulosus 
Lethrinidae 
Surgeon fich 
(Acanthuridae) 
Lutjanidae 
Lethrinidae 
Caranx sp. 
Large cat shark 
Lutjanus rivulatus 
Plectorhynchidae 
Epinephelus sp. 
Drepane punctata 
Sardinella sirm 
Balistes sp. 
Squid 
Lethrinidae 
Elagatis bipinnulatus 
(Carangidae) 
Lutjanus sanguineus 
15.5 2247 45 BTR 
16.5 0505 46 LL 
16.5 1035 47 BTR 
17.5 0455 48 BTR 
17.5 0945 4q LL 
Total 
catch 
(kgl 
Dominant species 
(or group) 
Total catchikg) 
Mean 
weight 
(kg) 
Time Bottom Gear 
Date Start St. Gear depth depth 
no. type (m) (m) 
Positlon 
Lat. N Long. E 
07~35 ' 81°48 ' 
07~00' 81°55 ' 
07~13 ' 81°58' 
Catch 
per 
hour (kgl 
Plectorhynchus pictus 18.5 1040 50 BTR 23 23 
18.5 1510 51 BTR 23 23 
18.5 1820 52 BTR 43 43 
Epinephelus tauvina 
Scomberomorus comerson 
Lethrinus nebulosus 
Plectorhynchus pictus 
Epinephelus undulosus 
Lutjanidae 
Squid - lobster prawn 18.5 2005 53 PTR >300 60-75 
20.5 0900 54 PTR 58 
20.5 1100 55 BTR 44 44 Lethrinus nebulosus 10.0 
Epinephelus sp. 11.4 
Di". small fish 
Scomberomorus comerson 2.0 
Scomberoides sp. (caran. 1 3.3 
Ractrelliger sp. (small) 19.6 
Thenus orientalis 0.75 
Shrimp 0.10 
Sphyraena 2.0 
Lutjanus argentimaculatus 3.7 
Saurida 3.8 
Caranx sp. 1.1 
Plectorhynchus pictus 15.3 
Acanthuridae 11.9 
Caranx SP. 3.3 
Lethrinidae 32.4 
Lutjanidae 7.0 
Carangidae (large) 60.6 
- " - (small) 13.6 
Sphyraena cp. 6.8 
Otholites sp. 3.6 
Psettodes erumei 4.0 
Gerrec filamentosus 
(siiver biddies) 8.0 
Holothurians 60.0 
Lethrinidae 14.0 
Epinephelus cp. 4.3 
Lutjanidae 15.7 
Plectorhynchus pictuc 11.5 
Carangidae 26.1 
Caranx cp. 3.9 
Lethrinuc miniatus 19.6 
Lutjanuc bohar 9.6 
Small prawns and small 
black fish 
20.5 1317 56 BTR 34 34 
21.5 0040 57 BTR 41 41 
21.5 0345 58 BTR 51 51 
21.5 0705 59 BTR 23 23 
21.5 0850 60 BTR 14 14 
21.5 1040 61 BTR 30-36 30-36 
21.5 1005 64 BTR 29-37 29-37 
22.5 1730 65 Gill- 67-549 - 
nets 
Lethrinidae 
Lutjanidae 
Epinepheluc megachir 
Skates 
Carangidae 
Lutjanidae 
Acanthuridae 
Lethrinidae 
Balictidae 
Lutjanidae 
Epinepheluc tauvina 
Lethrinus nebulocuc 
Plectorhynchus pictuc 
Carangidae 
Lutjanus rivulatus 
Epinephelus cp. 
Lethrinuc nebulocuc 
Acanthuridae 
Caranx cp. 
Carangaides sp. 
Plectorhynchus pictuc 
Scomberomoruc comerson 
Scomberomoruc comerson 
Epinepheluc cpecies 
Pectorhynchuc pictus 
Selaroides leptolepis 
Lethrinuc nebulocus 
Small red prawnc 
Carangidae 
Otholitus sp. 
Arius thalacsinus 
Leiognathus cp. 
Chirocentrus dorab 
(Wolf herring) 
23.5 1245 67 BTR 40-52 40-52 
23.5 1810 68 BTR 37 37 
24.5 0723 69 BTR 36-41 36-41 
24.5 1255 70 BTR 21 21 
24.5 1430 71 BTR 13 13 
25.5 0740 72 LL 72 72 
25.5 1030 73 PTR 75 55 
25.5 1240 74 BTR 15 15 
25.5 1955 75 BTR 29-36 29-36 09~37' 80~44' 
(Table I. contd. ) 
Time 
Date Start St. Gear 
no. type 
Bottom Gear 
depth depth 
(m) (m) 
Position Total 
catch 
(kg) 
Catch Dominant cpeciec 
per (or group) 
hour (kg) Total catch (kg) 
Mean 
weight 
(kg) Lat. N Long. E 
25.5 2340 76 BTR 273 Lutjanidae 
Plectorhynchus pictuc 
Epinephelus species 
Caranx cp. 
Thenus orientalis 
Squid 
36 Lutjanus sanguineus 
Naco tuberosus 
Scoliodon 
28 Carangidae 
Priacanthuc sp . 
28 Lethrinus nebulocuc 
Plectorhynchus pictuc 
1953 Lutjanidae 
Lethrinus nebulosus 
Epinepheluc cpecies 
Pomadacyidae 
Carangidae 
Sphyraena sp. 
Acanthurus CP. 
Drepane punctata 
10 Small skates, Sphyreana 
26.5 0305 77 BTR 
26.5 0850 78 BTR 
26.5 1315 79 BTR 
26.5 1525 80 BTR 
27.5 0720 81 BTR 
27.5 1220 82 ?LL 
27.5 2130 83 BTR 150 Deep water fish 
12 deep sea lobster 
56 Deep water fish 
Shrimps 
Crabs 
8 Small prawns 
O C ~ O ~ U S  
Deep water fich 
140 Carangidae 
Lutjanidae 
Epinephelus speciec 
Lethrinus nebulosus 
Argyropc cpinifer 
(Silver breams) 
Balictes sp. 
Small squids 
540 Lutjanidae 
Lethrinidae 
Epinephelus sp. 
Plectorhynchus pictus 
Acanthuridae 
Carangidae 
294 Acanthuridae 
Lethrinidae 
Lutjanidae 
Epinepheluc cp. 
Plectorhynchus pictus 
Argyrops spinifer 
Carangidae 
Sphyraene jello 
28.5 0520 84 BTR 
28.5 0845 85 BTR 
28.5 1130 86 BTR 
28.5 1510 87 BTR 
28.5 1707 88 BTR 
28.5 2145 89 BTR 
29.5 0700 90 LL 
30.5 0652 91 LL 
70 hooks of 100 lost 
Aprion virescenc 
i snapper) 
Shark 
30.5 1545 92 LL 
31.5 0930 93 HL 
4.6 1615 94 BTR 
5.6 0525 95 LL 
5.6 0850 96 BTR 
5 Shark 
Scomberomorus cp. 
Soft bottom 
Sparidae 
Lutjanidae 
Small cquid 
5.6 1200 97 BTR Sharks 
Plectorhynchus pictuc 
5.6 1320 98 BTR Lutjanidae 
Serranidae 
Lethrinidae 
Carangidae 
5.6 1600 99 LL 
5.6 2100 100 PTR 
Lutjanidae 
Small cquid 
Red bait 
5.6 2235 101 PTR Small cquid 
Red bait 
(Table I. contd.) 
Position Total 
catch 
Lat. N Long. E (kg) 
Mean 
weight 
(kg) 
Time Bottom Gear 
Date Start St. Gear depth depth 
no. type (m) (m) 
Catch 
per 
hour (kg) 
Dominant species 
(or group) 
Total catch(kg) 
Serranidae 11.4 
Gymnocraniuc griceus 
(Large-eye bream) 1.1 
Carangidae 11.7 
Lethrinidae 5.3 
Serranidae 2.0 
Skate 10.0 
Lutjanidae 1.1 
Lutjanidae 22.1 
Lethrinus nebulosus 5.4 
Pomadacyidae 40.8 
Serranidae 12.9 
Carangidae 7.5 
Scomberomorus comerson 4.3 
Plectorhynchus pictus 19.0 
Lutjanidae 30.6 
Gnathanodon speciosus 11.4 
Lethrinus nebulosus 10.2 
Epinephelus cp. 27.5 
WolE herring 1.0 
Scomberomorus cp. 0.9 
Leiognathus cp. 58 
Come benthoc 
Ribbon fich (Trichiurus) 1.2 
Wolf herring 
(Chirocentruc dorab) 1.8 
Otholitec sp. 7.6 
Lethrinuc cp. 10.1 
Epinepheluc cp. 21.0 
Lutianidae 11.5 
Carangidae 8.4 
Gerres filementocuc 
(Silver biddy) 2.6 
Leiognathus (PonyEich) 5.1 
Ray 15.0 
Rachycentron canaduc 3.6 
Lethrinus nebulosus 61.2 
Lutjanus sanguineuc 8.8 
Epinepheluc cp. 10.5 
Plectorhynchus pictuc 6.6 
Scomberomorus comercon 5.1 
Sphyraena 0.9 
Thenus orientalic 
(Lobstex) 3.8 
Acanthuridae 97.6 
Carangidae 34.0 
Serranidae 26.5 
Lethrinidae 17.7 
Plectorhynchus pictus 23.4 
Siganus cp. (Rabbitfich) 40.6 
Blue parrot fich 15.4 
Sphyraena sp. 6.1 
Shark 3.2 
Carangidae 7.6 
Stromateus niger 5.1 
Serranidae 12.3 
Plectorhynchus pictuc 19.7 
Carangidae 8.2 
Lethrinus nebulosus 4.2 
Chirocentruc dorab O. 7. 
Plectorhynchus pictuc 44 .l 
serranidae 44.8 
Lethrinus nebuloses 14.1 
Lutjanidae 34.3 
Carangidae 14.7 
Chirocentrus dorab 0.9 
Serranidae 9.6 
Lethrinus nebuloses 9.9 
Lutjanus sanguineus 2 . 8  
Shark l .k? 
Fisli larvae + Salps 5 l .  
Scrranidae 1'1.2 
Lethrinidae :1. 3 
Lutlanidae 21.7 
Rrgyrops spinifcr 10.7 
Plectorhynchus ~ 3 i i . t  i i s  U.  7 
Skates 25.0 
Acanthurus striqosiis 188.7 
Lethrinus nebulosiis 147.0 
Lutjanidae 70.3 
Serranidae 48.0 
Pomadasyidae (sweetlips) 25.8 
Parrotfieh 28.2 
6.6 1715 104 LL 75 
7.6 1350 105 BTR 35-42 35-42 
7.6 1655 106 BTR 21 21 
7.6 1838 107 BTR 20 20 
7.6 2020 108 Dredge 130 130 
8.6 0640 109 BTR 14 
8.6 0826 110 BTR 15 
8.6 1020 111 BTR 20 
8.6 1227 112 BTR 27 22 
8.6 1500 113 BTR 18 z - 
8.6 1700 114 BTR 15 15 
8.6 1915 115 BTR 17 
9.6 0745 117 PTR 38 20 
9.6 O855 118 BTR 46 46 
9.6 1300 120 BTR 14 14 
(Table I. contd.) 
Time Bottom Gear Position Total Catch Dominant species 
Date Start St. Gear depth depth catch per (or group) 
no. type (m) (m) Lat. N Long. E (kg) hour(kg) Total catch(kg) 
Mean 
weight 
(kg) 
1615 121 BTR 
1820 122 BTR 
2015 123 BTR 
2125 124 LL 
0710 125 BTR 
0953 126 BTR 
1215 127 BTR 
1450 128 BTR 
1916 129 BTR 
0930 131 BTR 
1040 132 BTR 
1255 133 BTR 
1440 134 BTR 
1645 135 BTR 
Carangidae 23.0 1.64 
Scomberomorus commerson 10.8 2.70 
Carangidae 10.6 0.46 
Gerres cp. 
(Silver-biddiec) 3.0 - 
Skatec 40.0 20.- 
Sharkc 34.5 1.44 
Small bottom fich 
Sharks 2.7 1.35 
Epinephelus cp. 0.6 0.6 
Squid 4.3 
Swimming crabs 5.0 
Decapterus russelli 
(Carang. ) 2.1 0.03 
Nemipterus sp. 
(Thread fin bream) 10.1 0.016 
Squid 0.5 0.05 
Acetes sp. (Shrimp) 10.0 
Nemipterus sp. 1.0 0.035 
Skates 150.0 18.75 
Plectorhynchus pictuc 27.3 2.28 
Lethrinus nebulocus 18.0 2.00 
Serranidae 20.7 2.59 
Lutjanus argentimaculatuc 9.0 1.80 
Sphyraena cp. 7.0 0.78 
Caranx sp. (big) 21.6 1.27 
Carangoides cp. (small) 22.6 0.35 
Epinephelus cp. 12.2 4.07 
Lethrinus rivslates 10.9 1.82 
Plectorhynchus pictuc 1 .Y 1 .Y0 
Drepane punctata 5.3 2.65 
Oteolitbes argentuc 1.5 1.50 
Lethrinidae 60.6 1.95 
Plectorhynchus pictus 41.5 2.77 
Lutjanidae 30.4 3.38 
Epinephelus undulosus 15.2 3.04 
Scomberomorus commerson 4.6 4.60 
Skates 25 1.67 
Lethrinuc nebulocus 28.6 2.38 
Plectorhynchus pictuc 16.0 4.00 
Epinephelus sp. 14.2 2.37 
Carangidae 34.1 2.13 
Carangidae 94.0 0.20 
Rastrelliger kanagurta 8.2 0.16 
Lutjanus sanguineus 14.7 2.45 
Carangidae 11.7 0.32 
Lethrinus nebulocuc 9.1 0.83 
Epinephelus undulocuc 9.6 3.20 
Lutjanidae 22.3 3.71 
Acanthuridae 6.3 0.90 
Lutjanidae 33.9 3.39 
Lethrinuc sp. 22.1 2.01 
Bottom Gear 
d e p t h  d e p t h  
(m) (m) 
Catch  Dominant s p e c i e s  Mean 
p e r  ( o r  g r o u p )  weight  
h o u r ( k g )  T o t a l  c a t c h ( k g )  ( k g )  
P o s i t i o n  T o t a l  
c a t c h  
L 3 t . N  L 0 n g . E  ( k g )  
Time 
Date S t a r t  S t .  Gear 
DO. t y p e  
Deep w a t e r  f i c h  (most ly  
Chlorophthalmus b i c o r n i s )  1355 
Deep s e a  L o b s t e r  6 8  
Shrimp 77 
Epinephelus  s p .  34.7 
L e t h r i n u s  sp. 8 . 3  
S k a t e s  31 .8  
Scomberomorus CP. 22 .4  
L u t j a n i d a e  51.5  
S k a t e s  ( r a y )  1 0 . 0  
L e t h r i n u s  n e b u l o s u s  520.7 
L u t j a n i d a e  150.2  
P l e c t o r h y n c h u s  p i c t u s  59. 
Scomberomorus cornmercon 1 5 . 7  
Carangidae  50.9  
Drepane p u n c t a t a  206.3 
L e t h r i n u s  CP. 44.2 
P l e c t o r h y n c h u s  p i c t u s  7 . 0  
Drepane p u n c t a t a  1 7 . 1  
Shark  0 . 8  
R ~ Y  20. 
P i l o t  f i s h  6 . 0  
L u t j a n u s  a r g e n t i m a c u l a t u s  1 0 . 2  
L e t h r i n u s  cp. 22.7 
C a r a n g o i d e s  cp .  1 2 . 4  
B u t t e r f l y  f i s h  10 .5  
S k a t e s  25.0 
1 5 . 6  0855 137 BTR 
1 5 . 6  1135 138 BTR 
1 5 . 6  1352 139 BTR 
1 5 . 6  1630 140 BTR 
15.6 2025 1 4 1  BTR 
1 6 . 6  0510 142 LL 
1 6 . 6  0810 143 BTR 
1 6 . 6  0931 144 BTR 
1 6 . 6  1305 145 BTR Scomberomorus s p .  
Carangoides  cp. 
Wolf h e r r i n g  
16.6 1432 146 BTR 
1 6 . 6  1640 147 BTR 
L e t h r i n u s  CP. 
E p i n e p h e l u s  s p .  
L e t h r i n u s  cp. 
Scomberomorus sp. 
S c i a n i d a e  
Pomadasyidae ( c w e e t l i p s )  
(micc. moct ly  
l e i o g n a t h u c )  
Appendix Table 11. Size distribution i % )  of selected speciec by areas, fork length 
Rose-finned pigface bream 
(Lethrinus rhodopterus) 
AREA I, NW coact 
Yellowstripe trevally 
(Selaroides leptolepis) 
AREA IV, East coast 
AREA V, Trincomalee 
Indian mackerel 
(Rastrilliger kanagurta) 
AREA IV, East coast 
AREA VI, Pedro Bank 
Ruccels scad 
(Decapterus Russelli) 
AREA VI, Pedro Bank 
Squid 
AREA 111, Hambantota Banks 
Red bait 
(Depterygonotuc leucogram- 
micus, Bleeker) 
AREA 111, Hambantota Banks 
Atule mate (Carangidae) 
AREA V, Trincomalee 
Appendix table 11. Continued. 
Starry Pigface Bream 
(Lethrinus nebulosus) 
Area I, NW coast 
Area 11, SW coast 
Area 111, Hambantola Banks 
Area IV, East COast 
Area V, Trincomalee 
Area VI, Pedro Bank 
Longface emperor 
(Lethrinus miniatus) 
Area I, NW coast 
Area 11, SW coact 
Area 111, Hambantota Banks 
Area IV, East coast 
Area V, Trincomalee 
Area VI, Pedro Bank 
Sweetlip 
(Plectorhynchus Pictus) 
Area I, NW coast 112 
Area 11, SW coast 6 
Area 111, Hambantota Banks 9 
Area IV, East coast 16 
Area V, Trincomalee 72 
Area VI, Pedro Bank 106 
Grouper 
(Epinephelus undulosus) 
Area I, NW coast 36 
Area 11, SW coast 12 
Area 111, Hambantota Banks 38 
Area IV, East COaSt 3 
Area V, Trincomalee 7 
Area VI, Pedro Bank 7 O 
Moon fish 
(Drepane punctata) 
Area I, NW coast 
Area 11, SW coast 
Area 111, Hambantota Banks 
Area IV, East COaSt 
Area V, Trincomalee 
Area VI, Pedro Bank 
Surgeon Fish 
(Acanthurus strigosus) 
Area I, NW coact 
Area 11, SW coast 
Area 111, Hambantota Banks 
Area IV, East COaSt 
Area V, Trincomalee 
Area VI, Pedro Rank 
Appendix table 11. Continued. 
N 10 15 20 25 30 35 40 45 50 55 60  6 5  70 75 80 80 90 
Mangrove Red Snapper 
(Lutjanus arqentimaculatus) 
Area I, NW coast 14 14 50 21 7 7 
Area 11, SW coast O 
Area 111, Hambantota Banks 2 
Area IV, East coast 1 
Area V, Trincomalee 10 10 30 20 4 O 
Area VI, Pedro Bank 5 7 4 25 51 12 4 2 
Snapper 
(Lutjanus rivulatus) 
Area I, NW coast 17 
Area 11, SW coast 1 
Area 111, Hambantota Banks 39 
Area IV, East coast 9 
Area V, Trincomalee 29 
Area VI, Pedro Bank 33 18 30 15 21 15 
Snapper 
(Lutjanus sanqvineus) 
Area I, NW coast 2 4 
Area 11, SW coast 3 
Area 111, Hambantota Banks 7 
Area IV, East coast 3 
Area V, Trincomalee 7 
Area VI, Pedro Bank 3 1 
(Naso tuberosusl 
Area I, NW coast 
Area 11, SW coast 
Area 111, Mambantota Banks O 
Area IV, East coast 3 
Area V, Trincomalee 2 
Area VI, Pedro Bank 2 3 
Appendix Table  111. Length-weight r e l a t i o n s h i p s .  Mean l e n g t h  (cm) and weight  (kg)  of samples. Fork- length  = FL. 
Le th r inus  Lut janus  Epinephelus Plectorhynchus Drepane Acanthurus Gnathanodon 
nebulosus  r i v u l a t u s  undulosus p i c t u s  punc ta t a  s t r i g o s u s  spec iosus  
(P ig face  Bream) (Snapper) (Grouper) (Sweet l i p )  (Moon f i s h )  (Surgeon f i s h )  (Golden too th -  
l e s s  t r e v a l l y )  
N FL W N F L W N F L W N  F L W N  F L W N F L W N F L W  
APPENDIX I. 
Design of t h e  n e t  of t h e  bottom t rawl .  
This was a shrimp t rawl  type which i s  adapted a l s o  t o  demersal f i s h  trawling.  
The ground rope was equipped with 0.5 m rubber bobbins. When operated with 40 
m b r i d l e s  the  d i s t ance  between the  wing ends was about 15  m and with a n e t  
sonde the  v e r t i c a l  opening was measured a t  about 5 m. 
CAMPEL - TRÅL 1800196 
SUPER FOR REKER 
m m .  
APPENDIX I1 
Acoustic instruments and conversion factors for fish density. 
The vessel was equipped with two echo sounders, one operating at 38 kHz and 
one at 120 kHz. During the recent refit of the vessel, the 38 kHz echo sounder 
was refitted with a new ceramic transducer and a transistorized external 
transmitter. 
After the modification the echo sounders were calibrated in Bergen. Source 
level and voltage response of the 38 kHz echo sounder were measured at 133.4 
dB and 12.5 dB respectively. Corresponding values for the 120 kHz echo sounders 
were 120.1 dB and - 1.4 dB respectively. The echo sounders were again cali- 
brated in Trincomalee harbour on 12 June and no change in performance was 
observed. 
The 38 kHz echo sounder was used for the acoustic assessment and two analog 
echo integrators were therefore connected to this instrument. During the 
survey the echo integrators were integrating in the depth slices 5-20, 20-40, 
40-60 and 60-100 or 200 m as appropriate according to depth. The gain setting 
was 30 dB. 
Settings of the 38 kHz echo sounder were: Basic range 0-100/100-200 m. Trans- 
mitter 10/1, external. Pulse length and band width 0.6 m sec. - 1 kHz. Re- 
O 
ceiver TVG and gain 20 log R - 20 dB. Recordergain 7. Beam angle 8x8 . 
The 120 kHz echo sounder was operated with the following settings: Basic 
range 0-100 m. Pulse length and band width 0.6 m. sec. - 3 kHz. TVG and gain 
20 log R O dB. Recorder gain 6. Beam angle 8x8". 
Before the vessel left Bergen it was also intercalibrated with the R/V "Johan 
Hjort". The relation between the integrator outputs (M) of the two vessels 
was found to be 
- 
 
M ~ r .  Fr. Nansen M~ohan Hjort 
Both vessels used 38 kHz echo sounders with ceramic transducers. 
The modification of the 38 kHz echo sounder resulted in an alteration of its 
performance. Because of this the density coefficient which is applied for the 
conversion of relative echo integrator values (mrn/nautical mile) to fish 
biomass has changed in value since Survey I. A density coefficient for the 
present survey therefore had to be established. Besides its dependence on the 
performance of the echo sounder, this coefficient also depends on the sound 
back scattering properties of the fish species being surveyed. Empirical 
experiments have shown that the back scattering properties may be different 
for different species (Nakken and Olsen 1977), presumably depending on the 
shape and anatomy of the fish. Dealing with only one species, it has been 
established that the density coefficient, C, is a function of fish length 
(Nakken and Dommasnes, 1975). 
Here L represents the body length of the fish while C and m are species 
S 
dependent factors. C depends on the performance of the echo sounder. Further 
I 
studies suggest that m takes values close to 2, varying somewhat with species 
(Foote 1979). 
As illustrated in Fig. 19 the dorsal aspect of fishes with deep and com- 
pressed bodies, as for example many species of caranx and breams, is consi- 
derably smaller in relation to body weight than the dorsal aspect of more 
heavy-bodied species like groupers. Species with deep compressed bodies are 
therefore likely to give weaker echoes than heavy-bodied fish with equal body 
weight . 
In order to arrive at an overall density coefficient, mean values for length 
and weight of fish have to be applied together with the data from the inter- 
calibration with the R/V "Johan Hjort". The general density coefficient for 
"Johan Hjort" can be written. 
Based on the intercalibration a basic density coefficient for the 38 kHz echo 
sounder is then (number of individuals). 
in Report I a mean length of 45 cm was used for demersal and semi-demersal 
fish (Type A). The composition of catches as given in Table 1 indicates that 
this mean length is valid in sub-areas I1 - VI also for the present cruise. 
In Area I there was a greater part of young fish and smaller species, parti- 
cularly breams, and the mean length was about 35 cm. To give some allowance 
for the high percentage of species with compressed bodies and assumably weak 
echoes, the factor m is given a relatively low value of 1.9. The density 
coefficient for Type A then becomes 
With a mean weight of Type A species of 2.1 kg this will give a factor of 14 
2 2 tonnes/mm nm . For Area I the factor will be 11 tonnes/mm nm . 
Combined for Type B and C means of length and weight of 40 cm and 1.0 kg lead 
2 to a density coefficient of 8 tonnes/mm nm . 
Fig. 19. Dorsal aspect of a heavy-bodied fish (grouper) in relation to 
the dorsal aspect of a fish with deep and compressed body 
(caranx) . 

